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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an OFDM 
receiver that suppresses a noise component to enhance 
the S/I even in the case that a digital filter such as an 
FIR filter is employed for the interpolation system. 
SOLUTION: A guard period discrimination device 18 
discriminates a guard period of a received signal and 
selects a band width of an FIR filter provided to an 
interpolation circuit 1 7 based on the discrimination result 
so as to set an optimum band width to the guard period. 
Thus, an estimate transmission line response is 
optimized thereby suppressing a noise component 
through a complex division of the received data signal at = 
a complex divider 13 and enhancing the S/I. 
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F DM (Orthogonal Frequency Division Multiplex : 

;uxjss^itoF I Ry-^ji^^mmL. mmn-Ym 
mmm^^mx'mM-^ti^ Ymmmicfu dtmib f 

m.mmt^ c n^i^WLt-r^m^m i ymim<oo f d m 20 

m^t^&t^mmL. 30 
mmm{t^mt,\ m^&^m±xm:^ o tern 1 Rzsm 2 o 

FDMfflS««Ho 

4 ] ISe, tSLmti^mMiCO^ W a >y h M^A^jl 

msiimit^m-h\ mmmm±xm$> o rem 1 RUfm 2 « 

^ W n .y h«^(Dfi3MSSlS^^^ 1 RXSm 2 omm^lt 

i^tL. m\ &zsm 2 (o&ms&^y!^^m^^xW3Bnmm so 



#r»g¥ 1 1- 1 6 3 8 2 2 

2 

»^ ^c^Xt- -y yffiP^itS^fTo fcJSm^m 3 OfijM^ 

mmm-^^fcitxT-y fmmmM^'u-otcm^^m 5 
v^riiistS[fa±T'K-&-D fcn 1 jfct/m2cD>'Wn>y vm 

-r 5 o F D MfflSfiSBo 
y-yynmm.m^^<'i^^fm(Dmmn\^y Y->y vrnM 

^fflv^5Ci:^!t#mi:-r§lf*S3. 4iBI2«<OOFD 

WM^mtimmi5mcm.mm\>cfnx\.^^t'^^ -mm 
(D±x<o}Uuy vm^^m^'-'xmm^im^no^ii^ 

^^h-t^n^-^l. 3. 4©V^-f4a*^te«OOFDM 
CO 0 0 1] 

mm<r)mt^mfj^m^ of dm (sss^ 

SiJ^MtSjS Orthogonal Frequency Division Multiple 
[0 0 0 2] 

Cfi£*(DS^s] mi.y'^J^jmmys^h lt, o f d m 

(iB3SJlffiff^^fJ^fi73^ Orthogonal Frequency Divi 
sion IMultiplex) ys^iimm. BrtT'^^B^^tlTV^o 

cooFDM^jiCfi, 1 ^^i'^^i/o^isrtfc^stcD-y- 
T^^^-vyz^^aejii-r^ (gWtlDVB-TiyX-f-AT' 

a 2 K t- 1 7 0 5*. 3tSi? (1) : EBU/ETSI J 
TC : Digital Broadcasting system for television, s 
ound and data services: Framing structure, channel 
coding modulation for digital terrestrial televis 
ion. ETS 300 744. Mar. 1996 ) yj^X&^o C(DDV 

m!a<D/Woyhm^^^ibXBMl.X^.^^o l^fcti^r} 
T. g«#§C*3V^TC«-'WD>y h«^:&fflV^re3^BS 
]E£;^«:fi^-r«ci:*Wfi6-z?aBt), eEtc:(D/Wn>y h 

[0 0 0 3] 017 (a) tc^-rj;3K. mmm 

m^^ibxmm(om'^sm-^Hrcm^. i.^t>i^^-7ji9- 
/^xfc5«*^^^-rSo ^cx\ smssBxii. 7-^7")- 

Bi cOS{i#^Y%^{t:IiH^B2 StfJt^IHS^BS tcA 

D>y hfi^teS-:5v^Te3MgSJS«^ltS-r?.<, ^fblali^ 
82 T-{4. gM^#Y«r«^lHllSB3 X^t^iXtz.^^ 



3 

[0 0 0 4] -r^tJ-fe, OFDMfi^f*. 017 (b) 

mmciriE>Lrcm.^trj:o. i^-yr^^m^^m (i s i : 

Inter symbol interference ) (^fg^L^V^o (KOfc JO 
[0 0 0 5] tc?>ti\ v;l/^/^;^i?S»*^^Cfc*&. 

^mm^imii (c) {c^.ir^o^j:ma<D$>^mm^ 

[0 0 0 6] ©JjftlDVB-Tv^XT-AtC^tt^OFDM 20 

m^y:t-'^yhvi.t. mmmmx (i, kp ) 

h (continual pilot : i;iT. CP) eiiSi/^'^^ 

-V^y^— F • v'WU'y h (scattered pilot : JIXT. S 
P) i)^&^o 

[0 0 0 7] mi 8tC±IB^fflD VB-T-^Xr-i^^tC 
43&t^O F DMfi^ 1 yU—jU^(0/^^U>y hff-^C 5(? 
P. S P(DiiJSa75-fRl&t;B#P0^7afpItC^tt^iB^M^^ 

mi:CP. ll?lWJ:S P^^LTl/^So SPt*. la^c^ 
•Tcfc^tC. 12*:S«Okp =12p + 3*(lnnod 
4), p = 0. I 4 ZCD^^rVTmi&mc&J^^n 

[0 0 0 8] Ltcff^-DX. ^Uuyh^i^&kjp IC^I^^ 
Tti:. §:mmm (1. kp ) 3b^e>fiiMK/S^3b^H -/o 

(1, kp ) =Y (1, kp ) /X (1. kp ) tm^ 

W(o&m&jt^^^m?SL. gn-r-^Y (I. kd ) 

It. ±niLrcimic^omBnrc&mmjt^H (i. k 

d ) ^fflt^TY (1. kd ) /H (1. kd ) «:ltg 
mimo:>y'-^X (1, kd ) ^f#^o 
[0 0 0 9] uo-e. gfiv'V/J^;!^! (D-r-^M-^-kd 
OJiIiSS(/S^H (I, kd ) ^m^^t^mc. E(Di/zy 

ysmifm^ en^o ^ 1 1*. sfSLfci/^^/i/ 1 (o;u so 



1 1-16 3 8 2 2 

4 

P^y hfi^tDgiMSSJS^H (1. kp ) (O^^m^^^li 
ffiTSD. ^2M«0>'>'4?;l/Teiii*n/c/WD^y h 

[0 0 10] m\ <oy5mt. §fi>/>':^obstcgj^^/s 

f)\ mti. 018<DiafiT\ 4S^V.i?;l/5J^(7)/^-i'n^y 

hm^o&mmjt^^H ( i . kp ) . h ( i - 1 , 

kp ) . H (1-2. kp) . H (1-3, kp ) 

[0 0 11] -^5. ^Uayhm^^CDB^mm^H 
(1. kp ) ^^V-TT^-^m^coeiMliSiS^H (1, 

kd ) ^^mrs^^mpsyjmtLr. (d s\ncmmm(o 

(2) X-r^y:/MH> (3) Saj^MH>b^Si^^nTV^ 

[0 0 12] (1) tcfflv^^n^F I R^-r^i/^ti. HI 
1 9 (a) tc^'TcfcatC. ^Sg^l^^nfc3i?^SDi - 
Dn tc»LTg{t-r'-^fl^H (1, kp ) ^XtlL. 
#SEt§Di — Dn coAm;^^*y >^0 — Ntap -l^Dtti 

[0 0 13] C(Ommc:^\^^r. ^i^^JilLTsincHiJc 
ff^iD^>'/^;bXiS^^if-3hr (n)+j-hi (n) 

19 (b) icT^TJ^vic^o m^td ^tW]mi[&<Dm^ 
mm. tc ay j\yi^ic^ommi[&fS.^^m}±mmrj:m 

[0 0 1 4] i^. 01 9 (a) (D&m. ^miy^y^^jui^ 
[0 0 15] CCX\ ±fBF I Ry^?l^lt^ slncHiSt 

jBo-r^v'^^i/xiss^^ist^bTit-^. ccommmr-m 
;^^-bwaTg ifcm^z^y^^jiymmTu 01/4. 1/ 

8. 1/16. 1/3 2i04jlt)*'«ffl^.^nT*5t). — 

llgtctiF I R7^;b^0^1^^i^Tu /4tCiS:^LT*5 

[0 0 16] (2) (D7.-T^yymrSrHi. H (1, 
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(4) 



1 1-16 3 8 2 2 



kd ) =H (1, kp ) , kd =kp -6~kp +5^ 
LT> mi9 (c) ^ACO^^lCXf-y^mc^m^U 

H(l, kd)=H(l, kp) + {H(l, kp+1 
2) -H (1. kp ) } /I ZtLT. mi 9 (c) 4» 

[0 0 17] -r^^^-^. F I R7Y7l/^^ffll>/c:«P^:6^ 

yj^fomm^nri^^ m^(^£^m (2) :JukkaRinn 
e. "Pilot spacing in orthogonal frequency division 
multiplexing systems on practical channels", DIge 
St of ICCE. 1995, pp4-5 ) o 

COO 1 8] T.f-yy'mmyj^ift. /uu^ hm^(o& 

iMKiS^H (1. kp ) ^^(D^^I^^^O^v'-^m^cO 
fcZ-CXD^Uuy hm^(D&mmft^^H (l, kp ) . * 



*H(1, kp + 1 2) ens 200/Wn'y h 

^tf. ±fBLfcfi?!|cO^^. H (1, kp ) (1. k 

p +1 2) zig-r^mwrnifiii^mt^ji^c 

[0 0 19] 

mmfomr^i.^^tT^mm^ ±fBbfcc}:-5tc. of 

{b^ff^o V^^. ^MOFDMit^^^iilTK^M^T^^ft: 
Ltcik<Oim^(0 S X lit (signal to interference) ^ 

[0 0 2 0] 



s 
I 



[0 0 2 I] -r^t)-^. N^F F TcO>1^Y>h§(. yn 

o-y-y:^;!/^. Xk . xk ^'tn'enkms<DVzf^-^ 

[00 2 2] 



s 
I 



2:r:;i-«c-Xki 



[0 0 2 3] e3MKJSS^Ji^-rs/ca6cDffiP^:^i£^: L 
T. F I R'7-<;i/^-^i I R7-i';i/^^^o-r^:^^;b:7-i' 

yb^^^ffiv^fc^-g-. -maty ^ ju^(D^mm^m^fK 

[0 0 2 4] -7a. eiM£SiS^^ffi^-rS/c46<Dffiajf^ 

T. CD) tmmm m (u) ^s<i-r§2 

fjltL^ D/U=10dB. C/N=3 0 d B^&{g^ 
U/co S/c. FFT1?'-rXti:2 4 0 84^-r^h. 
■V U rmt 1 7 0 5*. W^S/V.i-0l/S2 2 4 ^3. 

^a-Jhm^tLri,t. DVB-Ti±m(DCF tsp^ 

P^rsT^S (7?Si) Sfiv'>'4<;b^3>'V;l?;i/t9 
ST^tD/Wa^y h^i^;^fflv^rMP^t-S:^^ (73^2) 



[0 0 2 5] |^2 01:\ «WtC31$^iScOfiB^ F F T 4^ 

-rvhiOi3K-i'>h%S¥^bTi:D. *Ktttcs/lJ& 
[0 0 2 6] ^2 O;b^e)0>§e>;b^iS:cfc"5frc, yj^ZOy^ff 

[0 0 2 7] ^^ic. F F TiigS-eo-9->:/;i/^$?-f 

i:. ^2 nc^-r^^-ptc. F FTsss-ecDfi^gxtJii^ 

^0 tD.^>{iLH ( F F T .^0 if^MWyy-^-)\^m^ti^ ^ -rnr u 

T^.:6M^:Sfti:*f tl. I S I (inter symbol inter ferenc 

CO 0 2 8] Iil2 Z\mnmmi7r<^. SIttJcitv:/;!/ 

^^^v^*:^. ^SflStcs/i ^^oTv^So -^^T^;!/^ 
^>'^*:^^0Oi:§. ^^v^V^^Vl/M^^F FT^.:6^- 
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2 T'ti, ^mMKT* 2 0 •9->:/;b-f n-e s / 1 )£c<om 

jgMK-^ 2 0 •9- v:/;b-rn-^ s / 1 it*< 6 d B (om^-^ 

[0 0 2 9] t<±<0'>5nL'— >3 V«|g^J;»). i^J^M 

CO 0 3 03 2|s:SIBi«. ±tS<0^®^mL. MF^?J^ 

T'tSO F DMffl§^SH«:ii«-r^ii i:^^ 1 cOSW 

- K'i' X T^i^^lg/J^-r 5 C i: *^Rlfl|:& O F D MMS« 
[003 1] 

[003 2] (1) JgifS, (atg*^KaiCO/Wn-y hffi^ 50 
^OFDM (Orthogonal Frequency Division Multiple 

icjuay hm^^mmt^mm^m (f f immm) 
[0 0 3 3] (2) CD (ommcis^^^r^ mtmit^ 

[0 0 3 4] -r^tJ-fe. ±fiB1Sfi!cT-(i. MP^Ta^i: bT 
F I Ry^/l^'Pl I R7-i';l/:S'^|®xi^^;b7-i';l'^' 
^mi^tcm^lt. S«ffi^<D*"-KSBKStClSi:TF I 



mmW- 1 1-1 6 3 8 2 2 
[00 3 5] ^fc. ±fBm2 0B6*i^afi)t-rSfc*lc. 
[0036] ( 3 ) jtiilS. {lifflA^Kto©/ W U-yhm% 

m{t^m.t)\ mmLMH-T-m^ ^ km \ Rzfm 2 ©/ w 

n .y h«^<DfEiMgSlSi§:*k 1 RZfm 2 ©eJiSSrS^i: 

fc{iX7^>y :/«HSIS*tTofc*£:^*m3 oeiMSSJSig 

i:b. '>^< i:«>^3CDeJMg§JS^g^SI/^T;l^^^i!(ffi± 
T'P^o/c|g 1 RUm 2 O/W a -y he^^tOS^f'- 

[003 7] ( 4 ) liili, iiLmi>mmo:>^<-c ayhm^ 

D-y hm^^m^^rm^.Simm^f'em.msnk'f—}' 
mit^m\ mm.mb±xm& o tzm i stfm 2 <d/ w 

n -y h m^coeiMSSiS^^m 1 Rtf ^ 2 (DfiaiK^S^ i: 

b, ^ 1 St/m 2 ©ei^gSJS^;&fflv^TSJi^«^M»S 

/c(*x-r -y fmmmw^n-^rcmM^m s (omm^itm 
ti.. mi Rxjm 3 (D&m^it'.^^m^^zmmmmmM 
* fc{±x-r -y z^mmmn^n-o rcmm^m 4 oesissj^; 

^ t b. m2 RlSm 3 CDfE3Mg§iS!§:^fflV^Ti^JgMP^ill 

»^ /-cfixx 'y •:^mmm.m^n^ tcm^^m 5 oe^Mss 

i§l!SSfS±T'P-^rD /-cm 1 RZfm 2 0/ W n -y 
[0 03 8] (5) (3) Sfca (4) ©:SfigtCfeV> 

[0 0 3 9] -r^fc-e, ±mm^X'i,t. mMm<Dmmyj 

Si:bT. /N-K'>xT*g«*/h;J<T'#«X-r-yrM 

P^;ar^*a* i: b. /■^-i' a >y h (f-^HfcejMSSJS^MF^ 
m^^m^Lrc±X\ /Wn-y hfi^i:M{I^*«V> 

nosmmsiasi^xii. mmm^fSims:m^(o\£^y h 
>y hm^xm^T^ctx\ >'^-K■>xT^l«*al>'^ 
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Co 0 4 0] 

CO 0 4 1 ] a 1 «*^B^(Dig 1 <D^immt-t^ O F 
D Mm^mmm(omfS.^mr-:rn -y ^ okt'^So 0 1 

(^S^'^-T) l?^-X>'^>'F{cS^^n/S:S«OF DM 

F F Tugs 1 1 ■vmmmm.nm^i^mn-^ 

tl, S / P U WW ^^^g§ 1 2 TV U 10 

Yd, k) (ccT' i {iS{i>'>'#;us^. kfi-y-:/ 

kd ) (c1J:T\ kd ^t'f—^m^<r)^■7^^rVTm 
^) i;S«/Wn«y hfs^Y (1. kp ) (CCT% k 

-So Siix-^^^Y (1. kd ) itmrn^Mmi stc 
««&5n. §<i^wn-y h{t#Y (1, kp ) imwm 

1 4K«iii&*n5o 

coo 4 2] -7a. >'WD.y hjl^fi^ggl 5 fi. 20 

MijtiBiu^t^siiisx (1, kp ) ^n-o;uuy 
i}m^-r^i>o:>r\ cco/wn-y h«^a^»#5 1 4fc 
«*e^tl. Sfl/WP-yHi^Y (1. kp ) O^fltC 

«*n«„ -r^tj-^. /WD-yhffi^fi. ej^n(D«*tg 

iHX (1, kp ) ^Wofctb. >'Wn-y h<B#f8^^6 
*>P.OX (1. kp ) T% ^m^UOyhm^Y (1, 

kp ) ^^s-rsc tT'^M/WD-y h^i^^eiM-rs 

•y-y^^-fr U TcDfEj^iKJS^H (1, kp)=Y(l. k 
p ) /X (1. kp ) **46Sc:i:3b^T*#5o c©e3M 
^Jt^^H (1, kp ) 1 6{CJ:»5 30 

^H:^i^ti:^mftsnfc^. ffiHiHiK 1 7 ic««&^n 
CO 0 4 3] — :^r> F FT^n'ymommmmo^m^ 

(i. K«W^§§ 1 8 icmm-^ti^o C(Di}- h'^m 
mm 1 8 It. a- FS!HScD*ig8fi#tc J; D FSSH 

fi^w^-rsfeoT'fes «iK (3) , m±.. m\u m 

" OF DMfflej^^-ra^TaSOMI*" . 
^1t^e^. vol.21, No. 60, pp7~12, 1997#M) „ C 
C-ptiTu /4, Tu /8, Tu/16, Tu/32<0 

COM^^^aif^IilSS 1 7 icWJg^nSo 
CO 0 4 4] CCDffir^lHliSl 7 a. W^fi^iCltSDT^ 
llEiti* W t) m Rl^*«P^ ffl 7 -Y V>r V^t;!/ 

^^-/l/^f 1 6A^P.cO¥)tfkejMSSJS^H' (1, kp ) 
cDffiH^rff 3tOT\ CdT'ff P.n/cffiHi!!l^«a* 

nfcs«x-^5f«^Y (1, kd ) Km-^^^m^ 

H (1. kd ) i: LTlt^^Mffg 1 Stcm^n^o c 
cD^a^l^gggl 3 a, S{t-r-^f«^Y (1, kd ) 
«F^iHl^l 7T-i#e.nfce3M£SjC5^H (1. kd ) T'^ 
S-r5Ci:T% «{tfi©x-;5fX (1. kd ) 50 



1 1-1 6 3 8 2 2 

70 

CO 0 4 5] ±iB?SP^iHi^i 7a, F I ^y^)Vii^m 

COO 4 6] CCDMF^IilSSl 7a. FIR^-T/U^W 
K T F UXfg^ii 1 7 2 . ROM 1 7 3J;0«fi!t2n 
5o ROM 1 7 3tca. F I R^-r;!/^ 1 7 1 tCJ^^S 
^gSt^iJfcLT. ^i6Tu /4, Tu /8, Tu /I 6, 
Tu /3 2 0A*-FffiP^g(CjSi;fc«iSfil*^^S»SnT 
*5 0 . T F VT.^^^ 1 7 2 -P**- FgipJSW-^fCjS D 
fcZFl^Xil^^fg^feL. COTFU'XM^r'ROMI 

7 3ii:+s«$n«iiSit{i^*i^-rsci;-p. f i r^-i- 
CO 0 4 7] F I R^-r/i/^ 1 7 1 a. wiAtfiasfc^ 

•rj;'5tc, 019 (a) tc5^U/-cfe<Di:|5lUliI^«fi!tT' 

si3EiT-^ (ia3{cfev^T, 019 (a) tm~m^\at 
ipi-tf#^{^LT^-r) . *Wi§Mi ~Mn \^xts-^n 

«^?Sfiihr (n) +j hi (n) {CjtSDT^JSipS^S 

s t ^ 0 m s c i: So 

CO 0 4 8] 0 4(j:^«ilii^t)m®CT^^-ro 
T% S«M^cO;^*-FffiHgA^Tu /4T-fe?>i:#a. 
F I R^-f/l/^f 1 7 l<DWWi^^^mm,a\ ICWL^t 
So :«r-FWHS*^Tu /8. Tu / I 6. T 

u /3 2©i:#a. ^n^n;^f-FW^fiK^t5-^T7 
i-yb^cD^^ilii^SJ^iliiaa , as . a4 t^Om^ 
So iin{c±»5, S<if^-^«^0;if-K«Bfflfili:-&St 

CO 0 4 9] L/-c*^-pT*^i5SJ^ggcD^^tCj:txa\ S 
^IHISSI 7 {CP I R7<';l/^f 1 7 l^fflV^T, 

<0;«'-FWP^gti:iSCTF I R7f ;l':5?<D^Si|@>&«t) 

CO 0 5 0] i^. ±m(Dmmr'i,i. mmm^i 7{cf i 

R7-<;U^^fflv-'SfeOi:b;rcA\ I I R7-<';i/^'#© 

Coos 1 ] 11 5 a2|s:^B^©ll 2 ©^flSJ^.^fTS O F 

D Mm^mmm<Dmm^^-r-:frn y ^ mssr-feSo 0 5 

c c -r-as^sgp^i'^ct^^wclKBj-r So 
CO 0 5 2] *^s£m^a. la 1 tiis^Lfc^ 1 <Dmmm 

9 {C:te{tSSMM^O:«r- KgOW^* S / P g«Si§ 1 

ccDm^r-ii. m 1 o^mmmm^ t) t*"- Fsofijstc 

^F^A^*^*^S*V DVB - Tft«<OT P Sm^ (3S:iK 
(1) :EBU/ETSI JTC :Digital Broadcasting system 
for television, soundand data services; Framing st 
ructure, channel coding modulation for digital ter 
restrial television. ETS 300 744. Mar. 1996#gg) 
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1 1- 1 6 3 8 2 2 



11 



12 



[0053] meicmi. mz (o^mmmnrnmn^^^ 

it. FFT2ki/XT-A (F FTjJ?Y>h-t?2 0 4 84? 

I'^h) T\ (D) tmmm (u) (D2jS(7)»« yo 

d^f'^'hTM 0 o^l^'Oh (^^iy^jpyl/WF^Tu (Dm 
1/1 Otcffi^) tL/to 

[00 5 4] 0 6 T% ft^T'^ L (D*^^{f ft ^cD# 

o^«>li«Dm:^ie^fflv^sc i:T% m-Xi. 6 d b 

[0 0 5 5] i:xf. mmii^<ommyjmc-D\^^x<omsB 20 
[0 0 5 6] mi it:$^^m<Dm3co^mBmt-r^oF 

[0 0 5 7] 07tC^t-'T, FFTHlKl iRtfS/P 
SJftSI 1 2 T'^jSS[Si«cDM#lC^gl*nfcS<iO F D 

Mfi^Y (1. k) (.ccx I it^m-yy^fi^^^. k 30 

(I. kd ) (cct?. kd ti'r'-^{i#©-tf-:/++U 
llSM/l-rn-y bM^Y (1. kp ) (cc 

[0 0 5 8] CCT*. ^m^Uxn-yhmWY (1. 
kp ) {i, NfSO^^Y (1, ko ) •■•Y (1. kn ) 

-Y (1. kN-1 ) jaom^^n^o ^(D^mmmxm 

Hai)=(H(l.kn) + H(l.k„^l))/2 

[0 0 6 2] CCr\ ±^(DiBm^lt^^H (1, kn ) 

i:H (1, knH ) cotaMiitm^z i zxmnL. 1 
/2o»mie>y hi^7MaiS2 1 fijiissjs 

^{i 2 mv'iy^MW^r'H&m-r^rcit. i / 2 oig»ic 

[0 0 6 3] :^^IC. H (K kn ) . H (1. + 1 ) 

RZSH (1. i) mmmmmmz i 3tcA:^?^n. @ 



* (1. kp ) ^}^o/ci6. i^^til 4tc4oV>T. /Wn 
yhm^n^SBl 5f)^^(DX (1. kp ) T^^M^Va 

yhm^Y (1. kp ) ^^i[-r§c^T\ ^ff/^-fD 

kp ) =Y (1. kp ) yx (1, kp ) ^^fe^di: 
[0 0 5 9] CCOem^m^H ( 1 , kp ) (i. B^P^T? 

fpjtcH (1, kp ) ^^mitT^iy:y^-)i^y ^ jUi^ (c 

c-^ti: I I Ry^)iy^ffmmr-'^^:> 2 o^irfi.xmm 
i^c^^^n^o ccr\ h (i, kp ) ti. n 

mODf^^H (1, ko ) ' -H (1, kn ) -H (1, k 

^jvi^2o<Dmtim^ic^H (1. kp ) <oM^^^m\^^ 

•So 

[0 0 6 0] ffiP^[HlES2 IT'tis H 8 tc^f J: -5 ic, 

Tkn . kn*i (Dmititn^encomm^^'.^H (i, k 

n ) . H (1. knM ) ^ffl^^T, {£5^88^6^*'! H 

(1 , kn ) , H ( 1 . kn*i ) , H ( 1 , i ) 
CCXli. p = n, n+ l<D1?-:/^YyTteMkn , k 

n + 1 (D&m^lt^H (1, kn ) . H (1, kn*l ) ^ 

(DfflP^SC-OV^TsKH^L/c:/b\ p = 0 -N- 1 OH (1. 

[0 0 6 1 ] ^Xicm?S\aimz 1 <0-«fiicfl!||>&ia9{CS^L 

IHJK2 HcA:^$tl/-cH (1. kp ) a. ^cDNffl©^ 
iJ'H CI. ko ) - H (1, kn ) • H (1. kN-1 ) 

mm^y^'evz 1 ncmii^-sti^o p^^evz i lA^e. 

;iiKS(tt±T'K?)^o/-cfiK^i- (^Ji:bTH (1. k 

n ) , H (1. kn*i ) ) t/^mijfEn. mmmm<o.& 

m^^^^H (1, i) hLT, i^^T-#AP.tlSeiilS^ 
rr-C, i = (kn+kn+i)/2) 

(1. kn*i ) , H (I, i) ^v-y^^'JT 

SS/S^H ( 1 . kd ) ^tb;^i-r^o 

[0 0 6 4] ±ieffip^iHiss2 1 T't#p>n/-ceiMssiS^ 
{±, H (1. kd ) imm^wssi 3{c^*&*n. 
•f-^m^Y (1, kd ) 4^i^»-r^ci:T% ^©si 
mmmtmmic. x (i. kd ) = y ci. kd ) /h 

(1. kd ) *f#sci:*<T?#5c :$^mmmmia3 
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XLfctK mmiBimz Komicmxi^. h (i. kd ) 
CO 0 6 5] mi oi^t^nm(om4(Dmmifmt'r^o 

[0 0 6 6] ^mmmmii. i^^mf^m^i^^^ot^^ 
mimo s / 1 ito®ti;rca»^^{b#i4%f#s c 

CO 0 6 7] 1 OtC*5V^T. ->>>:t07^;b^ 2 OT 

tiT-^S^^n^o ^^Srt^-^. ffiPaiplgg2 2ie:(i. 
>'>t^;l/7^;l/^ 2 0;^^a(7)Sfi>^>5}^Vl/ 1 oeiM^iS^ 
H (1. kp ) ;><^rU 2 3tCffi#^nTV>;5m 

(1-1. kp).H(l'-2. kp).H(l~3, 
kp ) ff^XtJ^n^o 

[0 0 6 8] ms^^2 2Tii. mr&wm±'em^im 

[0 0 6 9] t^^tDSffiT^a^^/ccfc^tr. DVB-Tf± 
^tTti. 12*SOkp =12p + 3* (Imod 

4), p = o. 1 4 2(om^m^^^^^yhmmfi 
[0 0 7 0] ccom^. mi ocommci^-orit. ^^^e 



(8) 1 1- 1 6 3 8 2 2 

14 

-1, kp ) . H (1-2, kp ) . H (1-3, 
kp ) t^j:^o 

[0 0 7 1] Ell 1 (a) ^t. S^v-V^i-Ob 1 T\ 
/Wn^y hm^36^Jg|&S(tt±Tkn-kn.i 
ISffiMte:*3tt^S«-r-^fi^*. Si l (b) ic^M 

m'f-l^immtY (1, kn+l) . Y (1, kn + 

2) , Y (1. kn +3) . Y (1, kn +1 1) 

m^O&m^Jt^^ltn (1, kn ) . H (1. kn + 1 ) 

^(DBm^Jt^H (1-3. kn +3) . 2>'>4->;l/M 
(DBm^J^t^^H (1-2, kn 4-6) . lzy>^^;m(0 

ejMKjs^H (1-r. kn +9) timn^tix^^^^o 

[0 0 7 2] lai 0fiDMP^IiI£S2 2-??ti:. lai 1 (b) 

(Dm^D^^fc^m^^^^y hm^^m^^r. h (i. k 

n ) . H (1-3. kn +3) mifCH (1. kn + 
1) . H (1. kn +2) > H (1. kn,+3) H 
20 (1-3, kn +3) . H (1-2. kn +6) F^tCH 
(1, kn +4) . H (I. kn +5) . H (I. kn 
+ 6) H (1-2, kn +6). H (1-1. kn 
+ 9) miZH (1, kn +7) > H (1, kn +8) . 
H (1, kn +9) H (1-1, kn +9) . H 
( 1 , kn+i ) miCH ( 1 , kn + 1 0) . H ( 1 . k 

n +1 1) ^ti^enmrnm^tLr^m-r^o 
[0 0 7 3] ±nEmm^m2 zx^f^^nrc^mmmiiLs 
mmmmws^ i 3tc#fc$&^n. i cosm 

y'-^m^Y (1. kn +1) , Y (1. kn +2) . 
30 Y (1. kn +3) , Y (1, kn +1 1) (OB^ 

[0 0 7 4] i^. CCXH:^^ ^m-»^-Jiy 1 
n^y hM^<D'9-:/4^i'Urffl«ko-kn*i m(D&m& 

m^ic'^^^^xmmi.rc'bK mmici^t. kn — kN-i o-y- 
vm^\^^xjS.i^icmo^'Drc^':^^^ vrmic 
±mi.rcmrsm^^^m.i^. ±iEb/'cx-r*y:/M^cD 
fEj^gSiS^H (1. kd ) ^mti-r^o 

[0 0 7 5] ^(C. mmmm2 2<:D-1#^^JIC0^/^T. 

01 2JS:#K§Lritt0^-r^o ^<Dmmm^2 2izxt}'^ 

40 n^iyZy:^^)\yy^)V^2 0t^^(DH (1, kp ) it^'e 

u 2 2 1 icm^^n. ^K^^u 2 2 1 \cnm<Df&^n 

(1. ko ) -H (1, kn) - H (1. kN-1 ) 

[0 0 7 6] IBI^ttc. ><^U2 3:^^?)(DH (1-1. k 
p ) . H (1 - 2, kp ) . H (1 - 3. kp ) 

u 2 2 1 tcetj&^n. -^n^^nNfflco^ij^H ( i - 1 . 

ko-f9) --H (1-1. kn +9) •••H (I-l, k 
N-i +9) . H (1-2, ko 4-6) (1-2, k 

n +6) -H (1-2, kN-i +6) . H (1-3. k 
JO 0 +3) "H (1-3. kn +3) " H (1-3. k 
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1 1-16 3 8 2 2 
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N>i +3) -^"^mm^ti^o 

[0 0 7 7] ^^U 2 2 1 ;b^e>ti. H ( 1 , kp ) . H 
(1-1, kp 4-9) . H ( 1 - 2. kp +6) . H 
(1-3. kp +3) Oiiffl^i5(fft±-eKt)^ofc:^5^ * 
H ( I , kn + 1) =H ( 1 , 
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) 



-H 



= {H (1. kn 

H (1. kn +3) =H (1-3, kn +3) 
t-^t?-^. H (1, kn ) . H (1-3. kn +3) 

ti. tuwm 2 2 2 Ttun-t^tifcm. \f:yh i^y h mm 2 
zsr^iyzfs-^nrmmm^H (i, kn +1) . h 

(1. kn +2) if^^^-^n^o ^fc^ H (1. kn + 

3) ti. ^(o^^H (1-3. kn +3) t-r^o cn 
e>^oMrBifi^tj:ffiKi!iaiiji^2 2 4k«$&^n§o 
[0 0 7 8] ccr\ mmmmmm2 2 4T'tj:. mrsm 

( 1 . kn + 1) , H ( 1 . kn +2) . H ( 1 . 
kn +3) ^^1 1 (a) K^r^m-»r-J\y \ (O^m 
"f—l^m^Y (1, kn +1) . Yd. kn +2) . 
Yd. kn +3) oejMSSlSS^LTfiJt)^T> ^§ 

my'-^m^o^m^&mmjt^^H d. kd ) cccDm 



* (W^bTH (1 . kn ) . H (1 - 3. kn H-3) ) 
if^mtjt^tl. ;^tU 2 2 imo:/a*y^'tc43V^T. H 

(1. kn ) . H (1-3. ko +3) rs(Dmmm'^t 

kn +2) 

} 



(DM^ltH (1 , kn + 1) . H (1 . kn +2) . H 20 

(I, kn +3) tcffiS) ^bTm:;^f'So 
[0 0 7 9] fpHtOiSf^^S:. ^m^uu^yhm^H d 
-3, kn +3) . H (1-2. kn +6) m. H (1 
-2, kn +6) . H (1-1. kn H-9) fS. H (1 
- 1. kn 4-9) . H (1 . kn + i ) PsItC-QV^rtjtT 
V\ H (1. kn +1) -H (1.. kn +1 1) (D&m 

^Bm^m^H (1. kd ) %m;^T^o so 
[0 0 8 0] w^m^2 2r^m^tircm^Gmm 
m^H (1. kd ) immmm^i sic^^-^n^o m 
mi^ms^i 3\cr. sm-t^-^m^y d. kd ) ^^jt 
^^mmm^H d, kd ) vmw^^cti:. mt^ 

ntcf-^X (1 . kd ) - Y (1 . kd ) /H ( 1 . 
kd ) m^^^hif^X^'^^o 

[0 0 8 1 ] 0 1 otc^-r^fismifrc^'v^rti. ^m^y 
y ^>^}V\:a^(o i/ y ;b 'vm.m ^ ntc^w n h m^^m 

[0 0 8 2] CO/tai). SSfBffiH^tfo/c^^tCjfiVX 
ti^V^^o 50 



( 1 -3. kn +3) } /2, 

[0 0 8 3] ^1 3 (a) m^msmAcomimm 

S/I Jt^&i^^nl^-v'H VT^fh^Lfc^sSS^^-To m 

JO 1 3 (a) xt^t. mmicmmm cmmm ofSfi^FF 

I^^oT*3t)> liI2 OT-^U/ci^f^^McOi^^^lx'-v' 
[0 0 8 4] Ip|0^c4oI/^T. ;^^1^UT. S?LffI^*S 

[0 0 8 5] ^3S:CF^4 0^S£^SI^t> ffi^OX-r 

3 sir;^ 4 o^ssm^fosfj^^^^is-r ^ c ^ ;6^t*^/co 
[0 0 8 6] :kic^ mi 3 (b) tc. msRumAcom 



T";!/^ -r ^ V ^'-rntc <^ ^ s / 1 l:l:^ ^ ^ i^— 3 > 

T^f+»U;rcSgm^^-ro ^13 (b) T'ii. «lfffitCjl5E 

iS (ips^ifi^) coffig^FFT4^-rvh(Di4<-r>'h^&s 

[0 0 8 7] l^liltc::feU^T. Tj^e 1 LT. fi^lffl^Sg 

[0 0 8 8] m3Rzfm4(ommmpMtt.. ji^c^x-r- 

3 msm 4 (ommmm(D^^^mmt ^ct t^^^x ^ rzo 
[0 0 8 9] HI 4(,i:^^m(om5<Dmmmmt'r^o 

3. 4(ommmmtm-r*s>^(Dr\ ^o:>mm.Rzfmi'^ 
[0 0 9 0] f **fij5m^^i:> ^^mtmt^i. 
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[0 0 9 1 ] ^ 1 5 (a) tC§fi^^>4-0l/ 1 (O^mf— 

^m^^ (1. kn +1) - Y (1. kn 4-1 1) (om 

mm^. 015 (b) tc^Mv'>'^t:;i/ 1 T% ^m^uu 

[0 0 9 2] ctD^^. ^mi^iy^-)\^ I (o^m^^-ftiy 
vm^(OBm.m^^^\itH (i. kn) . h ci. kn +. 

hm^cOejMgSiS^H (1-3, kn +3) . 2>->4? 

;l/f5oe?MKi£^H (1-2. kn +6) . l>^y4-^;l/ 
Moe3MgS/S^H (1-1. kn +9) :6W^^nTi/^ 

So 

[0 0 9 3] ffiP^(5]1^2 4Tii. 015 (b) cDKD^ 
o/c§{i/WD'y hft^;^ffiV>T. H (1. kn ) . H 
(1-3. kn +3) mzU (1. kn +1) . H 
(1. kn+2).H(l, kn+3)^. H(l- 
3. kn +3) . H (1-2. kn + 6) F^tCH (1, 
kn +4) . H (1. kn +5) . H (1. kn +6) 
H (1-2. kn +6) . H (1-1. kn +9) 
mew (1, kn +7) . H (1. kn +8) . H 
(1, kn +9) H (1-1. kn +9) . H 
( 1 , kn*i ) m\CH ( I . kn + 1 0) . H (I . k 

n +1 1) ^n^'tiffip^M-^^LT^^-rso 
[0 0 9 4] -memfAm^z 4o-«^^«c-pv^t. m 

^iyy^^;iy^^i^2 0tt^^(DH (1, kp ) it^'ev 

2 4 llC&kff^Zn. NmcD^^H (1. ko ) -H 

(1. kn ) -H (1. kN*i ) ffim^ku^^n^o m 

miC^ ^-tU 2 3t^^(DH (1-1. kp ) . H (1 - 

2. kp ) . H (1 - 3. kp ) ^>^^U 2 4 1 IC^^ 
^tl. ^n^tlNiSO^^^H (1-1. ko +9) -H 

(1-1. kn +9) -H (1-1, kN-i +9) > H 

(1-2. ko +6) -H (1-2. kn +6) 

(1-2, kN-i +6) . H (1-3. ko +3) -H 

(1-3. kn +3) " H (1-3, kN-1 +3) ti'^U 

[0 0 9 5] p<^U 2 4 1 H ( 1 . kp ) . H 
(1-1, kp +9) . H (1-2. kp +6) . H 

(1-3, kp +3) comi[&mm±xMo^'Drc^^ 

mtLXH (1. kn ) . H (1-3. kn +3) ) 

(1. kn ) . H (1-3. ko +3) mcommm^t 

H (1. kn +1) = [ {H (1. kn ) 4-H (1 - 

3. kn +3) } /2-fH (1. kn ) ] /2 
H(I. kn+2) = [{H(l. kn)+H(l- 
3. kn +3) } /2-hH (1-3. kn -1-3) ] /2 
H (1. kn +3) =H (1-3. kn +3) 
f^t)^. H (1. kn ) . H (1-3. kn +3) 



(10) ^m¥l 1 -1 6 3 8 2 2 

J8 

it. aps§§2 4 zxtuw^nrcik. ^^^y hiyy muss 2 

4 3TM/2^^n§o C<Dm. tf^y h->>'MElK2 4 
3(Dmtll^t. H (1. kn ) tiuW^Z 4 AXtuM-^ 

H (1, kn +1) ff^^f^-^n^o S/t. \£yhiyyh 
I1IK2 4 30W;'3i:H (1-3. kn -hS) muW^2 
4 5TAPS^n. h>'>^MHl£§2 4 7rM/2^^ 

n. H (1. kn +2) ti'^ihtj^n^o sfc. H (1. 

kn +3) itt. ^(D^^H (1-3. kn +3) tf 

JO So cniE>(ommm^immmmmm2 4sitcmffa'^n 

So 

[0 0 9 6] c cT\ mrsmM^^z 2 4 -ea, wsm 

(1. kn+l),H(l. kn+2),H(l, 

kn +3) ^§M~>V>-J?;H (DSff-r-^J^mY (I, 

kn+l) . Y (1. kn +2) . Y (1, kn +3) 

BMS^It^'^H (I, kd ) <ic<Dm^liH (1. kn + 
1) , H (1. kn +2) . H (1, kn +3) lilts 

20 [0 0 9 7] mmcDmif^. SM^Wa<yh<l#H (I 
-3. kn +3) > H (1-2, kn +6) ?S. H (1 
-2, kn +6) . H (1-1. kn +9) rS. H (1 
-1. kn +9) , H (1. kn*i ) K(CC3V>Tfefi= 
t/\ H (1. kn +1) •••H (1, kn +1 1) ©eJM 

hm^co^f^^VYkt, ~kN-i -r. SVMcBI!3-&tJ 

^^^mL. m^&mmjt^^H (i, kd ) :^mtj-r 

So 

50 [0 09 8] i^tc. mpsm^ 2 4 T-t#p.nfc«^ejMss 
iS^H (1, kd ) t,mmmMi§i 3icmf^-^ti^o m 

*I^»§§1 3fcT, ^m-r-^^^Y (1, kd ) ^Ji 
^eJMBSlS^H (1. ki ) m»-rsii4:T% ^ft* 

nfcx-^X (1, kd ) =Y (1, kd ) /H (1, 

kd ) ^f#^Ci:*^T'€-5o 

[0 0 9 9] SI 4{C5^t-*SgJg^t*5VT{i, ^m-> 
[0 10 0] ^(Ofcib. mBWSi^n-orcm^^ZTB^-'. 

mim<D s / 1 tt<o^nfcm}rjim{m^m^^ ctti^ 

50 [0 1 0 1] 01 6 (a) IC, ^5©|li6EJg^T^Lrc 
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^<D^ ^ |pI-^0>' ^ > 3 ;^ — ^ ^ ^ o T 

CO 1 0 2] HI 6 (a) tilfcV^T. mAW^BA^tcm 

<Di^^r\ m 2 (ommmm<D>' =. ^ a 
^nm^^A^rm. m 3 (Dmmmm<Di^ z ^ u-z^ 3 > 

j; !? s / 1 it<o!^±ti^m e. nrtj 0 . e t^^j^ffi^ 

CO 1 0 3] ^fc, lai 6 (b) {C. ^SO^SSJ^^T' 

^Lfcy^^^m^'^rc^^cOF F T[HlSST'<0-9->7';b^-l' 

5 y ^-rnic <fc § s / 1 tt^ -> 5 ix— > 3 vTitg L 

/tjaS^S^-To 016 (b) T% «M{i:31®}S©{uS« 
F FT4?-I'>'h0 1 jH^'>'h*S?Pf:LTi:0, ffiWtC 

S/I ^^:oT*5f). 02 2{c5^Lfcfif5l5#>|cD->'5:ib 

coio4]iai6 (b) icfcv^T. m^'Si^BA.rm 
CO 1 0 5] 

LTF I R7'i';l'^^t07'S^^;l'7'i';l'i5'^fflV^fc^-a- 

CO 1 0 6] ^tc. m^m<omm:&^tLx. mmmm 

tcmrsysiit ut. k x rmm^^^fE < ^7. 
•r y ymmi3^^&:^t --^-r p y hm^mic 1 -os 

CO 1 0 7] sfc, ^{iT^-iSfogiMgsis^^fiS-r^ 



(11) #P¥ 1 1 -1 6 3 8 2 2 

20 

*fflV^TX7^-yytfH-r«*^i:itt?UT, ej^8SiS« 
CO 1 0 8] .fcoT. Ma}eoffiF^;^^i:bT. islSSM 
JO n^ /N-K'i7xr*i«^^/jN-r-s.iit*wfig*0FDM 
ciaffi(Dffi**KiB^] 

C01] *^Wfc^Slll®*flgJ^^i:t-SOFDM 

C02] mKDmmmmi.cmy'^^'n^&mmms^co-m 
^m^m-ryu y irm^mo 

CHS] m2o:>mmmmcm^^ibti^F i R7-f;i/^ 
os<*«)^«^*^-ryD -y ^^nissiao 

cia 4 ] mi (ommmm(ommmwo^^<Dm^^-t 

20 ^-r5:^^^ilo 

C0 5] *fgB^{C^S^2CD||S5JB^i:-rSOFDM 

c@6] ^1, 'mz'D^mmmmmcmi:^^^^:!. 
[0 7] :^^mi,c^^^fH3o:>mmBmtt^oF DM 

30 ^m^m-t-:fu y^m^Mo 

ciaio] :^^mi,cm^m4(Dmmmmi^-r^oFD 

[^11] m^<o%memvim^-^hn^wmmoy^ 
mmmim-fTu <y ^©esHo 

[013] m 3 S:0*m 4 (D^SSJ^l^T-^N U /c73 ^^ffl 
a.^->'3>'T'lt»U/j:^mi:. F F TI5Ii^-ecD1f>:/ 

[014] ^^B^lcfl^S^ 5 cD*i!ffiJg«i:-r5 O F D 

^iass0o 

[015] 'm^<Dnwf&m.m\'^^^^wm^(Dm 
[016] m5<Dmmmm-v^^Lrcy5^^m^^rcm-^ 

a >Ttmvrc!l^mt. F F T lHl!^T'©-9->y;b^'l' 5 
50 ly^/fntCfc^S/I Jt«:->5aP— ^a^TPtfffb/i: 
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1 1-16 3 8 2 2 
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[020] fif^cTDeiMss^s^^jist-^ fcisbcommm 
^(o s / 1 t\m^^^7Rtmo 

[13 2 1] fi^^tOO F DMffl§fi^B^e::feV^T> F F 
[1112 2] f^f^^DO F DM^§g^BtC*5l/^T. FF 

B 1 "TZ/T-i- 

B s-jtsmss 

Dl — Dn -jSffigg 
Ml -Mn -^Sgi 
ADD"-An»S§ 
1 1--F FTHIK 
1 2-S/PSJ 
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20 



1 3 

1 4 

1 5 

1 6 

1 7 

1 7 

1 7 

1 7 

1 8 

2 0 
2 1 
2 1 
2 1 
2 1 
2 2 
2 2 
2 2 
2 2 
2 2 
2 3 
2 4 
2 4 
2 4 
2 4 
2 4 
2 4 
2 4 



1 • -F I Ry^}]/^ 

2- TFl-X?l^§S 
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